The frequent occurrence of telangiectasis, ecchymoses, bleeding tendencies, ascites, and peripheral edema in the various types of intrahepatic disease suggested the value of a study of the permeability of the capillaries in such subjects. The traumatic methods of estimating capillary permeability (1, 2, 3) appeared to show a too wide range of normal values. The dye injection method (4) was not available for human use. The use of the plethysmograph was therefore elected. It was desired to obtain evidence, if possible, as to whether peripheral edema in particular, in serious hepatic disease, resulted in part from increased capillary permeability.
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Landis and Gibbon (5) modified the pressure plethysmograph of Krogh, Landis, and Turner (6) so as to eliminate errors caused by differences in the degree of contraction of blood vessels during the volumetric readings. This they accomplished by exerting a pressure of 200 mm. Hg upon the fluid in the plethysmograph during the reading periods. Such a pressure was adequate to compress the entire vascular tree and to record with a moderate degree of accuracy small changes in the amount of interstitial fluid. Readings of reduced arm volume (under pressure of 200 mm. Hg) were made before and after obstruction to the venous outflow from the arm, and the rate of fluid filtered was calculated from the increase in reduced arm volume and the volume of the arm which had actually been in the plethysmograph.
Landis and Gibbon's studies were confined to two normal male subjects, so that the filtration rate was not complicated by depleted serum protein and low colloid osmotic pressure. Smirk (7) also approached the problem of capillary permeability by the measurement of changes in arm volume before and after venous obstruction. He 1 Jeffrey Richardson Fellow-Harvard Medical School.
made determinations in patients with the nephrosis syndrome and with hepatic insufficiency, in both of which conditions the serum proteins were depleted. Hence the pressure in the cuff which occluded the venous outflow was not set at an arbitrary absolute figure but was regulated so as to be greater by a constant amount than the colloid osmotic pressure of the serum. The colloid osmotic pressure was measured directly by the use of the osmometer of Verney (8) .
Starling (9) showed that the colloid osmotic pressure of the human serum was roughly proportional to the concentration of protein which it contained. Govaerts (10) 2. Pressure in the venous cuff. Inasmuch as the forearm was in a vertical position, the cuff about the brachium was lower than the plethysmograph by a considerable distance. In order to maintain the desired hydrostatic pressure within the veins of the forearm it was necessary to add to the pressure within the cuff enough additional pressure to offset the elevation of the plethysmograph. Landis and Gibbon added a number of centimeters of water equal to the distance from the core of the brachium to the top of the plethysmograph. For convenience, the same points of reference were used in this study. The number of centimeters added for this purpose varied from 19 to 22. In Tables I, II , and III, this hydrostatic factor is omitted and only the effective pressure within the plethysmograph is recorded.
In order to produce filtration, Smirk (7) added 20 cm.
H20 to the colloid osmotic pressure of the serum. Since the arm was in the horizontal position, the hydrostatic factor was not added. In the present study, the hydrostatic factor (usually 20 to 22) was added to the constant factor (20) and the sum of these two was added to the colloid osmotic pressure of the serum. The colloid osmotic pressure of the serum was calculated from the fifth formula of Wies and Peters: COP = AIW X 60.9 + GIW X 22. Tables I, II , and III and in Figures 1 and 2 where they are represented in purely graphic form.
In Figure 1 are recorded the observations upon the control group and the group of patients with liver disease. Included in the control group are three patients with non-hepatic diseases. The diagnoses of the patients suffering from diseases of the liver are noted in Table II . Both groups were partitioned on the basis of sex, and this differentiation is shown in Figure 1 , from a study of which it is apparent that the observed rate of filtration was higher in the females than in the males. The limits of normal observed in the control groups were not exceeded in the liver disease groups. In fact, the upper and lower limits observed in female controls and female patients with liver disease were almost identical, as were those observed in the male groups.
At 350 C. the rates in all subjects varied from 0.092 to 0.200 cc. per 100 cc. of arm volume in 1 minute. In two healthy adults (males) at a plethysmograph temperature between 34.00 and 35.0°C. and at an effective venous pressure of 50 cm. H20, Landis and Gibbon found the filtration rate to vary from 0.114 to 0.153 with a mean of 0.128. This figure corresponds closely with the mean figures obtained in this study in male control subjects and male patients with liver disease (0.125 and 0.121 respectively).
FIG. 2. RATEs OF FILTRATION IN VARIOUS THERAPEUTIC STAGES OF THYROTOXICOSIS AND MYXEDEMA
Broken lines connect right arm readings, solid lines connect left arm readings. Note that in thyrotoxicosis there are wide fluctuations in the rate of filtration with a tendency to a reduction in rate after operative treatment. In myxedeina there is a sharp increase in rate after thyroid therapy.
In Table III and Figure 2 are recorded the changes observed in patients with metabolic disorders who were followed through different stages in their metabolic levels. Patients with thyrotoxicosis tended to show rates with variations in the upper range of normal before the institution of therapy. In most instances the rate of filtration fell slightly after iodine preparation and fell somewhat more after subtotal thyroidectomy. The average rate during the active disease was 0.153, after iodine therapy 0.150, and after operation, 0.125 cc. per 100 cc. of arm volume per minute. There were, however, certain very striking exceptions to this observation. These are discussed elsewhere. Basal metabolic rates obtained during each metabolic stage are tabulated in Table III .
Patients with myxedema showed extremely low rates of filtration before treatment with thyroid preparations and much higher rates after their basal metabolic rates had been restored to normal. The average rate before treatment was 0.118 and the average rate after treatment was 0.164 cc. per 100 cc. of arm volume per minute. The increase was in each case accompanied by an acute drop in arm volume, a factor which is discussed below. The basal metabolic rates before and after treatment are shown in Table III , and the changes in filtration rate are graphically recorded in Figure 2 .
DISCUSSION
That no patients in any of the pathological groups showed filtration rates in excess of the normal conforms with reasonable expectation. Beecher (13) emphasized that in normal persons tissue fluid was constantly being formed in the dependent extremities owing to the presence of a hydrostatic column far greater in height than the colloid osmotic pressure of the serum. Hence the lymphatic system, at best, is under a constant strain to remove tissue fluid fast enough to prevent edema formation. In view of this fact it would seem likely that any generalized increase in permeability of the capillary vessels would result in almost immediate edema formation. Although some of the patients with liver disease did have edema, they also had a depleted serum albumin. When the resultant decrease in colloid osmotic pressure was taken into account, the plethysmograph revealed no increase in rate of tissue fluid formation. That there was a distinctly higher rate of filtration in women than in men is apparent. It at first seemed likely that this was a function inversely proportional to arm volume, but an attempt to correlate the two factors was inconsistent. It is probable that the rate of filtration in women is actually greater and that arm volume is not the only factor involved. The highest rate observed in a control subject was in Subject 1. This woman suffered from frank edema at the time of her menstrual periods, but was free from it at other times. Her edema is associated with a definite weight gain during menstruation.
The identical ranges of filtration rates which were observed in patients with liver disease and in the control groups presumably constitute a significant negative finding. The rates for male patients corresponded with those found in male controls and the rates for female patients corresponded with those of female controls. So far as is known, there were no gross alterations in the oxygen consumption of the patients with liver disease. The alterations in colloid osmotic pressure of the serum were controlled. Hence it is felt that the negative finding is a true one and that it may be concluded that the permeability of the capillary walls in intrinsic diseases of the liver is unaltered. It may not be concluded, however, that the fragility of the walls is unaltered. There is apparently a difference between permeability to the passage of fluid and fragility to trauma.
In contrast to the rather well controlled observations on liver disease, there were uncontrollable factors in the study of the metabolic diseases. Although the plethysmograph pressure collapses the entire vascular tree during the reading of reduced arm volume, plethysmograph temperature is the only control of the dilation of the capillary bed during the 10-minute period of filtration. Landis and Gibbon demonstrated that alterations in the temperature of the plethysmograph were accompanied by gross proportional alterations in the rate of filtration. Hudack and McMaster (14) showed that in the rabbit's ear extravasation of dye took place much more readily if the blood vessels were generally dilated following the administration of heat. Roberts and Griffith (15) , by the technique of comparing the number of capillary tufts in an area of skin with the number observed in the same area after the nearby injection of histamine, concluded that in thyrotoxicosis the capillary bed was widely dilated. Shaw (16) measured the rate of blood flow in the arm in thyrotoxicosis by the use of the plethysmograph of Freeman, Shaw, and Snyder (17). Shaw made observations on patients with thyrotoxicosis before operation, after preparation with iodine, and one month or more following operation. He found in the majority of cases that the blood flow was most rapid during the toxic process, became less so following the administration of iodine and still less so after operation. However, as in the case of the rate of flow through the capillary walls, he found several notable exceptions in which the rate of blood flow increased following the administration of iodine. These observations roughly coincided with the changes which were noted in the rate of filtration through the capillary walls. It may be that the changes in filtration rate are directly dependent upon the degree of dilation of the capillary bed during the period of filtration. Wide dilation of the capillary bed produces an increase in the available surface of capillary endothelium and it may be that the increase in filtration rate observed in hyperthyroidism is dependent upon this factor rather than upon a specific change in the permeability of the capillary endothelium. This question cannot be answered by the pressure plethysmograph alone.
With regard to patients with myxedema at least two more uncontrolled factors are involved. After the myxedematous patients had been treated, their arm volumes became much smaller than previously, presumably because of diminution in the amount of edema. Landis and Gibbon showed that the rate of filtration depended in part upon tissue resistance. They showed that the presence of large amounts of tissue fluid slowed down the rate of filtration. Hence the slow rate of myxedema may be in part owing to increased tissue resistance from the viscid myxedema fluid. Another uncontrolled factor is the possibility of sudden changes in the level of serum albumin or globulin. The total protein level of patients with clinical myxedema was extremely high; and a high obstructing venous pressure was applied to offset it. Unfortunately, the protein levels were not repeated after treatment, so that sudden falls in protein levels might have resulted in the use of an unjustifiably high obstructing venous pressure.
Whatever the underlying mechanism, there were very dramatic changes in the rate of filtration through the capillary walls of patients with hyperthyroidism and with myxedema at different basal metabolic levels. The close parallelism of the readings of the right and left arms confirms the significance of these changes. CONCLUSIONS 1. In given individuals, repeated determinations of the rate of flow of fluid through the capillary walls could be checked with a reasonable degree of accuracy. The method is, therefore, readily applicable to studies where changes associated with other physiological variations in the same person are important.
2. At 350 C. the range of readings observed in normal controls was very wide and was not significantly exceeded in any of the pathological states studied.
3. The rates of filtration observed in patients with three different types of intrahepatic disease fell within the normal limits for their respective sexes. It is reasonable to conclude that abnormal accumulations of fluid in the tissue and serous cavities in liver disease is in no way dependent on alterations in capillary permeability. 4 . Metabolic changes grossly affected the rate of flow of fluid through the capillary walls. Various mechanisms which may explain this phenomenon are discussed. The factor of oxygen consumption should be controlled in subsequent studies.
